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ANNUAL  REPORT:  Contract  N000  1 4- 08  ?! -C352 

PRINCIPAL  INVESTIGATOR:  Gerais  D .  Watt 

CONTRACTOR:  The  University  of  Colorado 

CONTRACT  TITLE:  Chemical  and  Biochemical  Properties  of 

the  ircr.  Mineral  Cere  of  Mammalian 
Ferritin 

START  DATE:  6  i '88 

RESEARCH  OBJECTIVES:  To  evaluate  the  chemical  composition 
cf  the  iron  core  of  mammalian  ferritin  with  regard  to:  i) 
oinaing  of  metai  ions:  2)  electrochemical  energy  storage  and 
3)  electron  transfer  reactions. 

PROGRESS  (YEAR  1) 

Metai  Ion  Binding.  Hoio  mammalian  ferritin  contains  up  to 
45CC  iron  atoms  within  its  hollow  protein  interior  (80A  in 
diameter)  in  the  form  of  an  FeOOH  mineral  core.  Removal  of 
tr.  is  iron  core  Dy  reduction  and  Fe(II)  chelation  forms  apo 
ferritin  with  an  empty,  hollow  interior.  We  have  shown  tnat 
both  ape  ana  hoio  ferritin  aviaiy  bine  Fe2  +  un.aer  anaerobic 
conditions  in  a  pH  dependent  binding  process.  For  hoio 
ferritin,  the  bir.oing  occurs  at  the  FeOCH  mineral  surface 
while  for  apo  ferritin.  Fe2+  binds  at  8  protein  sites. 

Cuu  *  .  a  n  2  +  and  Mr 2*  a  1  so  strongly  bind  to  both  hoio  and  apo 
ferritin.  These  metals  are  readily  removed  by  chelating 
agents.  Immobilization  of  both  ferritin  forms  on  acrylamide 
or  sepharose  supports  readily  occurs  with  complete  retention 
cf  this  metai  ion  binding  ability. 

Redox  Chemistry.  The  mineral  core  of  mammalian  ferritin 
unaergoes  complete  reduction  to  a  corresponding  Fe2+  core 
(of  unknown  composition  and  structure  at  present).  The 
reduction  potential  is  -310  mv  at  pH  8  but  is  strongly  pH 
dependent,  suggesting  the  following  overall  reaction: 

FeOOH  +  e  +  2H+  =  FeOH+  +  H2O •  The  mineral  core  of  ferritin  / 

is  thus  capable  of  storing  large  numbers  of  low  potential  . . 

electrons  as  well  as  protons  in  its  isolated  interior.  • 'v  Lodes 

Partial  reduction  of  the  ferritin  core  produces  discrete  *  ~  — ~- 

Fe(II)  and  Fe(III)  within  the  core  mineral 


□  □ 


Electron  Transfer.  Ada: t ion  of  iaoeied  57Fe2+  to  anaerooic 
hcio  ferritin  produces  5?Fe3^  ioounc  to  the  mineral  core, 
demonstrating  electron  transfer  to  the  ou i k  core  and 
indicating  that  the  mineral  core  is  conductive.  Addition  of 
Fe2x  specific  chelators  removes  57Fe2+,  demonstrating  the 
reversioi i i ty  of  this  electron  transfer  reaction. 

Attempts  to  determine  how  redox  reagents  externa;  to  the 
sequestered  mineral  core  are  able  to  transfer  electrons  to 
toe  interior  through  the  intervening  20-30A  protein  shell 
are  underway.  Three  hypotheses  are  being  investigated:  1) 

F  e  2  *  F  e  3  mediated  electron  transfer:  2 )  electron  tunneling 
anc  ?•)  protein  meci  ated  electron  transfer  from  internal 
amino  acid  residues.  Evidence  for  the  latter  process  has 
seen  detained  recent iy. 

WORK  PLAN  (YEAR  2):  Having  demonstrated  the  presence  of  a 
reduced  (Fe2-0  cere,  attempts  to  reconvert  it  into  the 
original  FeOCH  state  will  be  undertaken .  This  reactivity 
will  demonstrate  whether  the  recox  reactions  are  reversible. 
We  wi i 1  also  establish  whether  other  metal  ions  (Zn,  Cu 
etc.)  are  capable  of  forming  aggregated  mineral  phases 
within  the  ferritin  interior.  Attempts  to  form  magnetite 
ana  other  Iran  aggregates  will  also  ne  undertaken.  Finally, 
we  will  investigate  in  more  detail  the  nature  of  the 
electron  transfer  process  through  the  ferritin  protein 
she  i  1  . 
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